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[57] ABSTRACT 
Apparatus for treatingthe surface of an object by means 
of an electrical discharge comprises a cylindrical elec 
trode and a knife electrode, arranged on the same side of 
the surface to be treated, the knife electrode being tan 
gential to the cylindrical electrode and separated there 
from by a discharge gap through which there is a ?ow 
of gas towards the object under treatment. 

5 Claims, 2 Drawing Figures 
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ELECTRIC DISCHARGE SURFACE TREATING : 
APPARATUS ' 

This invention relates to apparatus for treatment of 
conductive or non-conductive material, e.g., plastics 
material, paper, metal or cloth, for raising the surface 
energy of the material by at least one voltage-carrying 
electrode and a counter-electrode which are arranged 
on the same side of the material to be treated. The mate 
rial may be in the form of a strip or moulded body, for 
example. In one application of the invention, plastics 
bottles are treated with an electrical discharge to facili 
tate printing upon them. 

In one known apparatus the counter-electrode is 
formed as a cylindrical electrode and the electrode 
carrying the voltage as a “knife” electrode. This known 
device is used for improving the adhesion between a 
carrier and a plastics ?lm which is in a more-or-less 
molten state. The knife electrode is inclined to the sur 
face to be treated and is so arranged that the distance of 
the surface to be treated from the discharge gap is rela 
tively large. A device of that kind may in the applica 
tion described work satisfactorily. An example is dis 
closed in German patent speci?cation O/ S 1910743, 
which is substantially the same as British Patent 
1,254,600. In many cases, however, the known arrange 
ment is not adequate to give an intensive pretreatment 
with high ef?ciency. 
Furthermore, special devices have been formed to 

pretreat bodies which are dif?cult of access or materials 
of great thickness. If for example hollow bodies such as 
bottles or tubes are to be pretreated it is not possible to 
arrange one electrode on the one side and the counter 
electrode on the other side of the wall, as is desirable for 
good and intensive pretreatment because the best pre 
treatment takes place in the zone of intensive discharge 
between the electrodes. With very thick materials treat 
ment between two electrodes is likewise no longer pos 
sible since the overall resistance between the electrodes 
becomes too large. It can also happen that material that 
is too thick can no longer withstand the high discharge 
voltage then necessary, so that individual electrical 
breakdowns occur, damaging the material. This is espe 
cially the case if porous materials such as foam are to be 
pretreated. For treatment of materials of that kind it has 
already been proposed to arrange both electrodes on 
one side and to form them as combined bodies, for ex 
ample, as a cylinder in the surface of which the voltage 
carrying electrode is embedded in the form of wires. In 
practice, a device of this kind has not been entirely 
successful since the considerable discharge which is 
necessary for the pretreatment takes place in the cylin 
der itself and thus an intensive effect upon the surface to 
be treated was not possible. Furthermore the cylinders 
heated up very rapidly, whereby poor working life was 
caused. An example of such an arrangement is shown in 
German patent speci?cation O/ S 2 220 886, which is 
the same as U.S. application Ser. No. 352,416, ?led Apr. 
19, i973, now abandoned. 
In apparatus according to the present invention for 

the treatment of an object of conductive or non-conduc 
tive material by raising the surface energy thereof by 
means of at least one voltage-carrying electrode and 
one counter-electrode which are spaced from one an 
other by a discharge gap on the same side of the object 
to be treated, the voltage-carrying electrode is formed 
as a pro?led or knife electrode arranged substantially 
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tangentially to the counter~electrode, which is formed 
as a cylindrical electrode, and the apparatus comprises 
means for presenting the object to be heated so that the 
pro?led or knife electrode is substantially parallel with 
the surface portion of the object under treatment or 
with the tangent to that surface portion, and means for 
providing a flow of gas through the discharge gap be 
tween the electrodes towards the said surface portion of 
the object under treatment. 
The use of the apparatus de?ned above permits ef? 

cient pretreatment of hollow bodies, shaped bodies and 
thick materials which by conventional pretreatment 
between two electrodes could not be pretreated or 
could be pretreated only with dif?culty. Because the 
pro?led or knife electrode is tangential to the surface of 
the cylindrical electrode the device may be brought 
very close to the surface to be treated. By subjecting the 
discharge gap to pressure, it is ensured that sparksand 
ions which exist in the discharge gap when electrical 
discharge takes place between the electrodes are carried 
towards the surface to be treated. The effect on the 
surface to be treated is that good and intensive treat 
ment takes place. 
Advantageously the cylindrical electrode touches the 

surface to be treated and is either driven itself or is 
rotated by the motion of the surface to be treated. 
The apparatus embodying the invention may be so 

designed that the cylindrical electrode lies essentially in 
a closed pressure-chamber and forms the discharge gap 
together with one wall portion of the chamber, this wall 
portion being formed by the pro?led or knife electrode. 
In the preferred form of apparatus embodying the in 
vention the cylindrical electrode is exposed through a 
space in the top wall of the pressure chamber, the lateral 
portions of the top wall which de?ne the space being 
constituted by two pro?led or knife electrodes which 
lie essentially in the same tangential plane, each forming 
with the cylindrical electrode a discharge gap. With this 
arrangement, two discharge gaps are created with one 
cylindrical electrode, the discharges in these two gaps ’ 
simultaneously affecting the surface to be treated. The 
dimensioning and arrangement of the various compo 
nents may be such that the discharge takes place practi 
cally over the whole exposed zone of the cylinder, 
though between the discharges to the two electrodes 
there is in the spark pattern a dark line of separation. 
The fact that the electrical ?elds in this arrangement are 
directed towards one another further assists the action 
of the spark discharge upon the surface to be treated, 
since the electrical ?elds mutually in?uence each other 
in such a manner that there is a pattern of the lines of 
force favourable to action upon the surface. 
Although the two knife electrodes in the preferred 

embodiment lie substantially in a common plane tangen 
tial to the cylindrical electrode, in which the surface to 
be treated or the tangent to it also lies, the pro?led or 
knife electrodes may be arranged with a slight inclina 
tion in the direction towards the cylindrical electrode in 
order to ensure that the surface to be treated can lie 
unimpeded against the cylindrical electrode. 

In tests it has been shown that for the spark discharge 
the frequency should lie above 10 kHz and the voltage . 
above 5 kV. 

In order that the invention may be better understood, 
one example of apparatus ‘embodying the invention will 
now be described with reference to the accompanying 
drawings, in which: 
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FIG. 1 is a cross-section through apparatus embody 
ing the invention; and 
FIG. 2 is a plan view of the device of FIG. 1, from 

below. 
The apparatus illustrated in the drawing includes a 

cylindrical electrode 1 to which voltage is applied and 
which is coated with a dielectric 8. The cylindrical 
electrode 1 lies essentially in a pressure chamber 4, a 
portion of the cylindrical electrode being exposed 
through a gap in the top wall of the chamber 4. The gap 
is de?ned by two knife electrodes 2 and 3 which to 
gether form the said top wall. These knife electrodes are 
connected to earth. As will be clear from FIG. 1, the 
two knife electrodes 2 and 3 are essentially tangential to 
the cylindrical electrode 1. This plane is also the one in 
which the object 6, illustrated diagrammatically as a 
hollow body, is treated. For example, in the case of a 
bottle which is rotated, the cylindrical electrode 1 is 
turned with it, since the bottle touches the surface of the 
cylindrical electrode 1. This rotation assists cooling of 
the cylindrical electrode. 
The chamber is supplied with compressed air or other 

gas under pressure through a pipe 5. This gas leaves the 
chamber through the discharge gaps 7 and carries the 
sparks and ions with it in the direction towards the 
surface to be treated. At the same time the cylinder is 
cooled by this ?ow of gas. Since ozone too is generated 
by the spark discharge this likewise is urged against the 
surface to be treated. Ozone is advantageous to the 
surface treatment. 
As an example of the application of this invention, 

bottles or bottle cases are pretreated by the device illus 
trated and described, so that they may subsequently be 
printed on. Bottle cases, like bottles or other hollow 
bodies, pipes or complicated pro?les, are accessible 
only from one side. 
Another application in which the apparatus has 

proved advantageous is the pretreatment of thick foam 
strips for printing. It has been proved that at treatment 
speeds up to about 100 m/min inks adhere well with the 
employment of only one knife electrode. 

In tests it has been established that particularly good 
results were achieved at a frequency in the range about 
20 kHz and a voltage between 10 and 15 kV. Moreover 
it was established in the tests that the intensity of the 
pretreatment was better with increasing pressure in the 
pressure-chamber. Tests were performed up to 2500 
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mm WC (millimeters of water column). In practice it is 
dif?cult to exceed this value since otherwise too great a 
structural outlay must be expended. Although even 
below 500 mmWC good results have been achieved 
with moderately priced equipment a range between 
1500 and 2500 mmWC has proved particularly advanta 
geous. 

I claim: 
1. Apparatus for the treatment of the surface of an 

object of conductive or non-conductive material by 
raising the surface energy thereof, comprising: 
means de?ning a ?rst rotatable cylindrical electrode 
with a surface adapted to lie along the surface of the 
object, a second knife-like electrode with the edge 
thereof lying along said surface of said cylindrical 
electrode in closely spaced relation to de?ne a dis 
charge gap between the electrodes, the knife-like 
electrode lying substantially tangentially to the 
cylindrical electrode, 

object-supporting means adapted to maintain such an 
object in contact with said surface of said ?rst cylin 
drical electrode, and 

means for providing a flow of gas through the dis 
charge gap between the electrodes. 

2. Apparatus as claimed in claim 1, further comprising 
means de?ning walls cooperating with the knife-like 
electrode in de?ning a closed pressure chamber, the 
cylindrical electrode lying substantially within the 
closed chamber, and said knife-like electrode forming a 
wall portion of the chamber. 

3. Apparatus as claimed in claim 2, and including a 
pair of said knife-like electrodes forming adjacent wall 
portions of the closed chamber and de?ning between 
them a space through which the cylindrical electrode is 
exposed and each of said knife-like electrodes being 
substantially tangential to the surface of the cylindrical 
electrode and being separated therefrom by a discharge 
gap. 

4. Apparatus as claimed in claim 3, in which the knife 
like electrodes are arranged obliquely of each other and 
in a direction convergently toward the cylindrical elec 
trode. 

5. Apparatus as claimed in claim 1, including means 
for supplying to the voltage-carrying electrode an elec 
tric waveform the frequency of which lies above 10 
kHz and the voltage of which is above 5kV. 
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